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INTRODUCTION
This C r i t i c a l i t y e v a l u a t i o n discusses t h e d e a c t i v a t i o n ac i v i t i e s an f i n a l c o n d i t i o n s o f t h e Plutonium Uranium E x t r a c t i o n (PUREX) f a c i l i t y 1-9 hood. These c o n d i t i o n s are evaluated f o r p o t e n t i a l impacts o f applying a polymeric b a r r i e r system (PBS) t o f i x t h e remaining contamination i n t h e hioods. While a g r e a t deal o f t h e evaluation i s centered on t h e L-9 hood a c t i v i t i e s , t h e o b j e c t i v e s o f t h i s analysis i s t o d e f i n e c o n d i t i o n s f o r s i m i l a r hood a c t i v i t i e s i n t h e f u t u r e . This c r i t i c a l i t y s a f e t y e v a l u a t i o n r e p o r t (CSER) was n o t used t o support a c t i v i t i e s i n t h e L-9 hood. However, t h i s CSER documents t h e t e c h n i c a l basis f o r a c t i v i t i e s i n t h e L-9 hood (see Appendix A).
alnd t h e appropriate r e s t r i c t i o n s are discussed i n Section 7.0. The primary considerations r e q u i r e d f o r a p p l i c a b i l i t y o f t h i s e v a l u a t i o n are t h e b l a n k i n g alf process and water l i n e s t o t h e hood, and t h e removal o f Pu such t h a t t h e f i n a l m a t e r i a l i s dispersed i n a more o r l e s s uniform manner through o u t t h e hiood.
The a p p l i c a b i l i t y o f t h i s evaluation t o o t h e r plutonium (Pu) bearing hood 2.0 L-9 HOOD
The d e a c t i v a t i o n a c t i v i t i e s o f t h e L-9 hood i n t h e product removal (PR) room o f PUREX included t h e blanking o f a l l s o l u t i o n l i n e s t o t h e hood and t h e removal o f t h e r e s i d u a l m a t e r i a l f o r cleanup. The r e s i d u a l m a t e r i a l included dlry Pu n i t r a t e . The methods o f removal o f t h e r e s i d u a l m a t e r i a l , e s p e c i a l l y f o r t h e remaining f i s s i l e m a t e r i a l , included f l u s h and cleanup o f t h e hood f l o o r s , w a l l s , and equipment t o t h e maximum e x t e n t possible w i t h o u t impacting alperator s a f e t y and doses.
techniques t o determined t h e amount o f Pu remaining i n t h e hood. The nlondestructive assay (NDA) was performed by P a c i f i c Northwest National l a b o r a t o r y (PNNL) (see Appendix B) and the r e s u l t s i n d i c a t e t h a t a t o t a l o f approximately 1 kg o f Pu remains on f l o o r s , walls, corners, and pockets o f t h e The remaining Pu i s a r a d i a t i o n source and a p o t e n t i a l c r i t i c a l i t y s a f e t y concern, because t h e q u a n t i t y o f remaining Pu exceeds t h e minimum c r i t i c a l mass. However, a d d i t i o n a l f l u s h and cleanup o f Pu r e s i d u a l s i s d i f f i c u l t and would cause s i g n i f i c a n t l y h i g h exposures t o t h e cleanup crews. meet t h e as low as reasonable achievable (ALARA) p r i n c i p l e f o r r a d i a t i o n exposure p r o t e c t i o n and t o e l i m i n a t e t h e c r i t i c a l i t y s a f e t y concerns, t h e PUREX team has s t a b i l i z e d t h e remaining Pu i n the L-9 hood by applying a PBS t o t h e i n s i d e w a l l s and f l o o r o f t h e hood f i x i n g t h e contamination.
A f t e r t h e cleanup, t h e L-9 hood was assayed using nondestructive a n a l y s i s 1-9 hood. The planar source is assumed to be a thin layer coating the face and back wall of the hood. The linear source is assumed to be concentrations on the floor, corners, and on tubing. The point source is assumed to be pockets or hot spots.
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The following quoted information is taken from Appendix E: "The total estimated quantity of plutonium is assumed to be spread throughout the hood, with larger quantities on or near the floor as may well be expected. in the table include the 126 g of plutonium removed on 4-17-4-18\96; therefore, the estimated plutonium remaining in the box currently is =1 kg. In addition, the gamma spectrometer results confirm the remaining plutonium is in the lower reaches of the glovebox, strongly support the column of point source values, and indicates no particular heavy buildup of material .."
The numbers 4.0 POLYMERIC BARRIER SYSTEM AND THE APPLICATION OF PBS
According to the PUREX team, the Pu residue will be stabilized by applying a PBS to the inside hood surfaces. material, that is diluted with water when added to the inside surface of the hood, and will fix contamination. The concentrated PBS purchased from the vendor has a specific gravity between 1 and 1.2 and is 38 wt% water. is further diluted by the painters before application. The water will evaporate and leave the solid PBS (68 wt% of the purchased product prior to dilution) which has a hydrogen density of 8.7 wt% (water is 11 wt%).
The paint is to be applied to the hood using a low volume-high pressure spray pump and wand which has a very small diameter nozzle tip. The pump and PBS supply remain external to the hood at all times. No air or other motive fluid is used or needed. This method of application was selected because it minimizes resuspension of dry Pu powder, thus allowing the PBS to affix Pu powders to the surfaces. This technique cannot be used as a tool to transport Pu within a hood. as other paints. All surface areas and equipment within the hood will be stabilized. metal covers are placed on all the ports (see Appendix C). walls, floor, equipment surfaces, etc., is estimated to be less than 19 L. Once the mixture is dried, the P8S is non-strippable.
The PBS is a water soluble This PBS
The PBS is to be applied as a single coating of about the same thickness The surface Pu contamination most probably covers more than 1.0 m2. Then, the maximum area Pu concentration will not exceed 2,160 g/m2
The contamination remaining in the hood will not be moved in the process of PBS applications. will not be disturbed
The distribution of the remaining Pu The estimated thickness of the "paint" (the mixture of PBS and water) will be less than 0.5 cm if it is assumed (conservatively) that the entire "wet paint" is applied to the floor.
According to III.A7 (100)-3 of Criticality Handbook Volume 4 1 (Carter, 1968), the minimum areal criticality concentration for 39Pu is 2,160 g/m2 (200 g/ft').
The critical solution depth for this Pu concentration must be more than 17.78 cm under full water reflection.
The "wet paint" material can be conservatively considered like water as a neutron moderator. The Pu concentration on the hood floor and on the wall is likely below the minimum area critical concentration and the maximum thickness of the "paint" is less than 0.5 cm even if assuming the entire "paint" is applied to the floor. In addition, the process of applying the "paint" is not going to move the current Pu distribution. Therefore, stabilizing the Pu residue inside the L-9 hood with the PBS is critical safe under normal conditions. Hood L-9 will be sealed and all piping connected outside will be plugged. 'It is not credible to expect liquid ingress into this hood. Also, it is not credible to expect all residual Pu would be consentrated into a local region so that a high area Pu concentration (2,160 g/m [ZOO g/ft2]) is attained. The accident scenario requires two independent failures (plugged criticality drain and liquid inflow) which meets the double contingency requirement for criticality prevention.
CONCLUSIONS AND RECOMMENDATIONS
According to the manufacture of PBS, the "paint" should stay in place at 'least 20 years when it is dry. However, if the paint flakes off and falls on the floor, the hood will remain sub-critical because the thickness of the irccumulated peered off "paint" is unlikely to exceed 17.78 cm. The hood shall be cleaned with reasonable and customary methods so that no visible Pu contamination remains.
All solution lines to the hood shall be blocked off.
The "paint" shall be non-strippable when it is dried.
There is no heavy buildup of Pu in any local spot (less than 140 9).
The maximum areal Pu concentration shall not exceed 972 g/m2 (108 g/ft').
The contamination remaining in the hood shall not be moved in the process of PES (or other "wet paint") applications. The distribution of the remaining Pu shall not be disturbed.
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The estimated thickness o f the "paint" (the mixture of PBS and water) shall be less than 0.5 cm if the entire "wet paint" is applied to the floor.
No container larger than 1.0 L is allowed in the hood.
The criticality drain shall be maintained operational.
A "permanent" posting shall be installed on the hood to list the quantity of residual Pu inside the hood and note the application of the PBS for stabilization of the residue.
REVIEWER'S COMMENTS
It was established in Addendum 1 to CSAR 86-011 (Frair, 1995) that shutdown hood cleanup rules for criticality safety developed for PFP hoods were also appropriate to the PUREX hoods. The analyses and arguments reported above provide an extension o f the previous evaluations to more adequately address the stabilization of fissile residues using fixing paints. Because the amount of Pu exceeded a minimum critical mass, the CSR wanted to verify that Addendum 1 to CSER 86-011 was applicable.
The criticality prevention specifications (CPSs) to be developed for cleanup/ stabilization for the PUREX hoods should include only the appropriate items from the PFP CPS (#Z-165-80012), as supported by CSER
glovebox with a non-strippable paint that would be thinned with water, as needed. The amount of paint and water was estimated to be about 5 gallons, a quantity that if spilled would only be a layer 1/4 inch deep on the glovebox floor.
redistribution of the Pu, as by excessive flow or subsidence of the applied paint.
The discussions of glovebox flooding indicated that the fire sprinklers are still active in the room, that the glovebox fire sprinklers are a limited volume (about 12 gallons), manually-operated system, and that process water sources to the glovebox itself have been blanked off. The fire sprinkler system will be shut off as well, along with the electrical power when the clean up is complete. Meanwhile, the existing glovebox criticality drain will be left open as an aid in maintaining glovebox ventilation. The room is still posted fire category C. unlikely event, and that flooding with a plugged glovebox criticality drain meets the double contingency requirements referenced in the Addendum. PUREX conduct of operations provides assurance that operators will remove paint cans, rags, and other debris (resulting from the painting efforts) from the glovebox when the painting is finished. that might block the criticality drain.
We concluded that, despite the larger than usual inventory in this glovebox, the subject addendum encompasses the work scope described.
It is impractical to remove any more of the The proposed cleanup operation includes painting the interior of the Reasonable efforts will be taken to apply the paint to minimize the We concluded that flooding the glovebox was an
The intent is to remove materials REV 0 . employ high-nsolutfon (HPGe) gama-ray spectrometers and/or total-nestron slah detectors t o characterize radioactive emissions using non-destructive assay (NDA) techrii quesThe counts wer: perfoned t o assess the upper-limit quantiiy of plutonium urpectcd w i t h i n the L9 Glovebox and t o assess its r e l a t i v e distribution. Ke were informed t h a t the glovebox had never processed fluorides. O;rr gama-ray data confI+ed this i n f o m t i o n . Ne were also told t o assme t h a t the majority of the plutonium would be on o r near the f l o o r of the glovebox. Again. data collected using z collimated gama-ray detector confined this ass'mption.
Aloha-Particle Activitv Yeasured vfa Passive Neutron Counting
The passive thermal-neutron counter is a slab-type detector t h a t employs 10 %F, tubes surrounded by 2.54-a-thick high-density polyethylene. The 5-an-diameter %F, t u b e s have an active -length of roughly 180 cm and a f i l l pressure o f 12 kPa.
The boron is enriched t o 95% 'OB.
Alpha-particle a c t i v i t y i n the glovthox results i n neutron emissions vfa (u.n) reactfons. predominantly w i t h oxygen and other lighr elements o f the matrix. Neutron missions a r e also generated by spontaneous f4ssion. typically of evennrrmbered transuranic isotopes, such as *'%. W e were told t o assume weaponsgrade (62 *%) plutonium n i t r a t e i n the PR Room L9 Glovebox.
The neutron counts were taken a t the face of the glovebox and again a t a distance of approximately 27 an a t 4 separate positions along the 20-foot length o f t h e glovebox; background counts were taken on a platform j u s t inside t h e door t o the Figure 1 shows the 1ayout.of the PR Room with the cctfnting posirions marked a s 'Section 1 ' , 'Section 2'. Section 3". and "Section 4. Sections I and 2 were v i s i b l y mcre contaminated than Sections 3 and 4, w i t h Secrion 4 visibly being the l e a s t affected by previous czmpaigns.
The narrow false-floor adjacent to the face o f the L9 Glovebox made positioning of t h e detectors d i f f i c u l t and limited the distance t h a t the detectors could be moved back from the glovebox face. The narrow ccnstructfon and the conc:ett walls resulted i n a 'neutron c u e ' inwhich emitted neutrons bounce berxeen walls u n t i l rhernalited and absorbed: a given neutron typically has several chances t o be counted by a detector, vhich increases the apparent efficiency of the neutron detector; a point source does not appear t o s t r i c t l y follow the l/Rz-law but some smaller fraction of 2: a l i n e source does not appear t o s r r i c t l y f o l l c u the l/R-law but some smaller fracticn of 1. These anomalies complicare the interpretation o f observed data. Several s e t s of data were acquired using a high-purity gennanium (HPGe) gama-ray spectrometer. A collimator was designed t o f i t an ORTEC hand-held system. The colltmator system consisted of a 1 -a -t h i c k sleeve of lead t h a t f i t over the snout o f the detector and shielded the germanium crystal from low-energy gama rays entering from oblique angles. Lead inserts with square holes were used t o provide various aspect rattos. The spectrometer with t h i s collimator systsm was calibrated w i t h a 100-gram weapons F a d e PuO, stindard t h a t simulated a point source.
Gama-ray r e s u l t s were used t o identify radiological a c t i v i t y within the L9 Glovebox, t o 1oc;re h o t spots, and t o establish concentration l e v e l s . The g m aray system confined t h a t fluorine was not present i n the L9 Glovebox a t a level t h a t would detrimentally inflate the neutron count r a t e v i a the lqF(a,n)"Na reaction; the presence of f l u o r i n e is manifest i n the gama-ray spectrum as 511-keV and 1275-keV gama rays t h a t are not as well resolved as adjacent peaks due t o prompt caQure/decay effects. The ganma-ray spectrometer a l s o indicated the presence of 'Cs i n the L9 Glovebox w i t h a higher r a t i o a t Section 4 (relative t o the plutonium) than i n the other sections. was also observed, presumably arising from =' U (since no activity from ttBAc wzs observed t h a t would indicate as the parent o f the ti?h).
The presence of
Results and Conclusions
The neutron data were heavily used to estimate the quantity of plutonium present i n the L9 Glovebox. The known response o f the neutron counter t o neutron sources a t d i f f e r e n t positions allows corrections t o be made f o r the cross-talk expected when counting adjacent sections. The gama-ray data were used t o a i d t h e model used t o c o r r e l a t e expected readings w i t h actual measurements. Some allowance was made f o r the 'neutron cave"'effect and the apparent increased efficiency of :he neutron counter.
The sourcs term was apportioned i n each section t o a planar, a l i n e a r , and a point source. The planar source is allowed to be on both walls and does not vary w i t h distance from the detector. The planar and l i n e a r sources are assumed t o be c l o s e t o the far wall of the glovebox.
The results of using thls model and a similar, independent model a r e provided i n The change i n count r a t e for each section after horn quantities o f plutonium were removed proved invaluable i n estimating t h e quantity remaining. The ;pproximate locatlon of the removed quantities a l s o contributed t 3 estimating t o t a l amounts.
The total estimated quantity of plutonium is assumed t o be spread throughout'the glovebox. with larger quantities on o r near the f l o o r as mzy well be expected. The numbers in the table include the 126 g o f p1ut:nlum removed on 4/17-18/96; therefore. the estimated plutcnium remaining i n Lhe box currently is 31 kg.
Additional data taken wlth the neutron counter a f t e r t h e 126 g quzntity had been bagged up, b u t before it was removed from the hood, completely support the table data. Additionally, data taken w i t h the g m a -r a y spectrometer, especially lookfng a t the f l o o r through a hole i n the side of the lead sleeve, further confirms these estimated quantities, further c o n f i n s t h a t the preponderance o f the remaining plutonium i n i s the lower reaches of the glove bcx. stongly sup orts the column of p o i n t source values, and indicates no pzrticular heavy buiydup o f material t h a t might constitute a c r i t i c a l i t y concern. The glovebox is stabilized by removal of all gloves and application of a Polymeric Barrier System (P9Sr to the inside surfaces. The PBS is a wafer soluble material which is diluted with water which when added to the inside surface of the glovebox, will fix contamination. The ccncentrated PBS purchased from the vedor has a specific gravirf between 1 and 1.2 and is 38 % weight per cent water. This PBS is further diluted by the painters prior to application. The water will evaporate to leave the solid PBS (68 weigher per cent of the purchased product prior to dilution) which has a hydrogen density of 8.7 weight percent (wattr is 11 % I .
The paint is applied to the glovebox using a LOW VOLUME-HIGH PRESSLRE The P9S is applied in as a single layer about the same thickness as otSer paints. All surface areas and equipment within the glovebox will be stabilized. The painting nozzle is removed from the glovebox and metal covers are placed on all the ports.
The criticaliry drain will remain open to the canyon to provide contamination control thrJ di:fe:ential pressures.
I hope this assists in evaluating the glovebox sfabilization process. If you have further questions, call me at 3 -3 8 3 7 or Ed Dodd at 3-1293.
